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(54) A method of signal transmission in a mobile communication system 



(57) A method of signal transmission between radio 
base stations (BSs) in a mobile communication system 
by using only one transmission system commonly used 
for both of communication with the exchange and com- 
munication with mobile stations (MSs) is realized. Each 
BS has at least one each of receiver and transmitter 
operable in the same frequency used in an adjacent BS, 
a call signal to be transferred is assigned in a channel 
slot of same radio signal as used for communication 
with MSs in own radio zone, the call signal contains des- 
tination indicator indicating an identification number of 
the BS to which the call signal is to be transferred, and 
each BS compares the indicator with own identification 
number, and if they coincide with each other, the call 
signal is extracted and used in the BS, but if they do not 
coincide with each other, the call signal is relayed to the 
next BS by transmitting radio signal containing the call 
signal in the same channel slot as received. 



Fig. 6 
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Description 

The present invention relates to a method of signal 
transmission in a mobile communication system, and, 
more particularly, to a method of signal transmission 5 
between a calling party and a called party in a mobile 
communication system which includes a plurality of 
mobile stations, radio base stations each providing a 
radio zone inherent thereto which communicates with 
the plurality of mobile stations in accordance with any of 10 
multiplexing transmission systems of a time division 
multiplex system, a frequency division multiplex system 
and a spread spectrum multiplex system, and an 
exchange for managing mobile communication calls 
and controlling the entire communication system. 75 

In a conventional mobile communication system, 
when a call is originated in a public switched telephone 
network (PSTN) and a distination of the call is to a 
mobile station, signal transmission path is established 
from the PSTN, the exchnage, one of radio base sta- 20 
tions and the mobile station to be called, and the signal 
transmission path employes two kind of transmission 
systems. One is the transmission system, such as a 
PCM system, from the exchange, which is connected to 
the PSTN, to radio base stations for sending and receiv- 25 
ing call signals between the exchange and the radio 
base stations, and another is the transmission system 
for radio communication between a radio base station 
and mobile stations existing in the radio zone provided 
by the radio base station. 30 

Therefore, each radio base station requires those 
two kind transmission systems in one site for communi- 
cating with mobile stations in one side and communicat- 
ing with the exchange in another side. If the 
transmission system between the exchange and the ss 
radio base station is a type of radio (wireless) transmis- 
sion system, a frequency difference should be secured 
between each radio transmission system each other 

Further, in the conventional mobile communication 
system, all calls processed by the mobile communica- 40 
tion system should establish a communication path 
through the exchange between a calling party and a 
called party at any time even both of calling party and 
called party existing each of radio zones provided by 
radio base stations, which are adjacent to each other, 45 
respectively. 

As described above, in the conventional mobile 
communication system, there occurs such problems 

that: 

50 

(1) a large amount of investment for system facili- 
ties is required, because two kind of transmission 
systems are to be provided in each radio base sta- 
tion and all calls should pass through an exchange; 
and 55 

(2) a system design of frequency assinment for 
each of transmission systems in a same radio base 
station is needed. 



Those problems appears remarkably in the mobile 
communication system whose service area is provided 
in a few traffic area and the service area is not widely 
spreaded but spreaded along the line (i.e. service area 
is provided along a rural highway). 

Therefore, an object of the present invention is to 
provide a method of signal transmission between radio 
base stations in a mobile communication system, with 
which the facility cost and the operational cost required 
for operating the mobile communication system 
becomes minimum by using only one transmission sys- 
tem commonly for both of communication with the 
exchange and communication with mobile stations. 

A method of signal transmission in a mobile com- 
munication system, including a plurality of mobile sta- 
tions, a plurality of radio base stations each providing a 
radio zone inherent thereto which communicates with 
the plurality of mobile stations in accordance with a mul- 
tiplexing transmission system and each having at least 
one receiver and one transmitter operable in a radio fre- 
quency used in an adjacent radio base station, and an 
exchange managing mobile communication calls and 
controlling the mobile communication system, the 
method comprises the following steps: 

1. in the exchange; 

(1) discriminating a target radio base station 
and a mobile station by which a call is to be 
received when accepting a call request from a 
public switched telephone network at the 
exchange; 

(2) determining radio base stations to be used 
for signal transmission path between the 
exchange and the target radio base station, 
and selecting a channel slot of radio signal 
which is available in all determined radio base 
stations including the target radio base station; 

(3) instructing information of selected channel 
slot of radio signal to all the radio base stations 
for storing the information in each radio base 
station; 

(4) connecting speech path between the public 
switched telephone network and the nearest 
radio base station among the selected radio 
base stations; and 

(5) transferring a call signal which is contained 
in the selected channel slot; and 

2. in each radio base station; 

(1) monitoring channel slots of radio signal 
transmitted by a radio frequency of adjacent 
radio base station in accordance with the chan- 
nel slot information having been instructed by 
the exchange and stored; and 

(2) extracting and repeating transmission of the 
call signals in the channel slots with own radio 
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frequency in the same channel slots as its of 
received radio signal. 

A method of signal transmission in a mobile com- 
munication system according to the present invention s 
also comprises the following steps: 

1. in the exchange; 

(1 discriminating a originating radio base sta- 
tion from which a call request being originated, 
and a target radio base station and a mobile 
station by which the call is to be received; 

(2) determining radio base stations to be used 
for signal transmission path between the origi- 
nating radio base station and the target radio 
base station, and selecting a channel slot of 
radio signal which is available in all determined 
radio base stations including the target radio 
base station; and 

(3) instructing information of selected channel 
slot of radio signal to all the radio base stations 
for storing the information in each radio base 
station; 

2. in the originating radio base station; 

(1) transmitting a call signal transferred from 
the mobile station in own radio zone putting in 
the channel slot instructed by the exchange 
with a radio frequency used by the adjacent 
radio base station; and 

3. in each of other radio base stations; 

(1) monitoring radio signal transmitted by a 
radio frequency of adjacent radio base station, 
and also monitoring radio signal transmitted by 
a radio frequency of own radio base station, in 
accordance with the channel slot information 
having been instructed by the exchange and 
stored; and 

(2) extracting and repeating transmission of the 
call signals in the channel slots with own radio 
frequency in the same channel slots as its of 
received radio signal. 

Fig. 1 is a block diagram showing an entire mobile 
communication system of an embodiment according to 
the present invention. 

Fig. 2 is a view showing a channel configuration 
adopting a TDMA system. 

Fig. 3 is a view showing an equipment configuration 
concerning a technique for managing the status of use 
of each channel slot. 

Fig. 4 is an explanatory view of a method for assur- 
ing a transmission path between an exchange and a 
radio base station in case of communication between a 
PSTN and a mobile station. 



Fig. 5 is an explanatory view of a method for assur- 
ing a transmission path between radio base stations in 
case of communication between mobile stations. 

Rg. 6 is a flowchart of operation according to the 
present invention. 

The present invention will be described in the fol- 
lowing by referring to the attached drawings. In the fol- 
lowing description, the time division multiplex 
transmission system is assumed as an example of mul- 
tiplexing system. 

Rg. 1 is a block diagram showing an entire mobile 
communication system according to one embodiment of 
the present invention. This mobile communication sys- 
tem is constituted by an exchange 10 connected to the 
PSTN 40 and controlling and integrating the entire sys- 
tem, a plurality of mobile stations (only one mobile sta- 
tion 20 is shown in Fig. 1), and a plurality of radio base 
stations 30 each of which provides a radio zone inher- 
ent thereto and communicates with mobile stations by 
using radio channels assined for each mobile station 
respectively. 

As shown in Rg. 1, there are two types of radio 
base stations. 

One type is the conventional type of radio base sta- 
tion provided with separated transmission system, 
which is connecting the radio base station to the 
exchange 10, from radio transmission system for com- 
municating with mobile stations. This type of radio base 
stations are encircled by dotted line with note of "RADIO 
BASE STATION WIRED" in Fig. 1, and are mainly used 
for providing service area widely spreaded in city area. 

Another type is the radio base station adopting the 
present invention, and radio transmission system for 
communicating with mobile stations is commonly used 
for transmission system for connecting the radio base 
station to the exchange 10 and also connecting to adja- 
cent radio base station. This type of radio base stations 
are encircled by dotted line with note of "RADIO BASE 
STATION WIRELESS" in Fig. 1 , and are mainly used for 
providing service area spreaded along rural highway 
area. 

Rg. 2 is a conceptual view showing a channel con- 
figuration of a TDMA (Time Division Multiplex Access) 
system employed in communication between the mobile 
station 20 and the radio base station 30. 

In the TDMA system, each radio frequency is 
divided (time-divided) into a predetermined number of 
time slot (i.e., S1 to S8), and each of the time slots S1 to 
S8 is assigned as a communication channel. Further, 
each channel slot consists of a predetermined number 
of information bits, and control signal and voice/data 
information (digitally modulated) are assigned in a pre- 
determined bit/bits location. Furthermore, one channel 
slot is necessarily assigned as a control channel for 
transmitting control information, which is used for con- 
trolling mobile station, radio base station and the 
exchange, between the exchange and radio base sta- 
tion, and between radio base station and mobile station. 
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Fig. 3 illustrates an equipment configuration for 
managing the status of use of each chanel slot in the 
mobile communication system. 

The exchange 10 constantly supervises busy/idle 
state of each channel slot and the traffic of the respec- s 
tive radio base stations 30-1 to 30-6 through the control 
channel. 

When a call request is originated by a mobile sta- 
tion through a radio base station, the exchange 10 
selects one idle channel slot among available channel io 
slots corresponding to the radio base station for the call 
request, and instructs the radio base station to use the 
selected channel slot for the call request, and then the 
information is transferred to the mobile station from the 
radio base station for starting a communication using 75 
the selected channel slot. At this time, the exchange 10 
registers the selected channel slot as busy state in a 
database 10a of the exchange 10. 

When a call is completed and disconnected, this 
information is transmitted from the radio base station 20 
concerned through the control channel, and the 
exchange 10 renews corresponding channel slot infor- 
mation in the database to idle state. 

Like this manner, the exchange 10 instructs through 
the control channel a channel slot which can be used for 25 
communication with the mobile station 20 to the respec- 
tive radio base stations 30-1 to 30-6 on the basis of the 
information registered in the database 10a, and each 
radio base station 30-1 to 30-6 memorizes this informa- 
tion in memory 30-1 a to 30-6a respectively. 30 

Next, a method for assuring a signal transmission 
path for communication between the exchange 10 and 
the radio base station 30 or between the radio base sta- 
tions 30 will be explained with reference to Figs. 4, 5 
and 6. 35 

Fig. 4 shows a method for establishing a transmis- 
sion path between the exchange 10 and radio base sta- 
tion by using the radio transmission system in the radio 
base station for communicating with mobile stations in 
case of communication between the PSTN 40 and 40 
mobile station. 

The principles of the present invention are: 

(1) base station has at least one each of receiver 
and transmitter operable in the same frequency 45 
used in adjacent radio base station; 

(2) information to be transferred between radio 
base statios is assigned in channel slots of same 
radio signal as used for communication with mobile 
stations in a radio zone provided by the radio base so 
station; 

(3) each radio base station knows channel slots 
which are used for signal transfer by the instruction 
of the exchange through the control channel; 

(4) each radio base station monitors channel slots ss 
instructed by the exchange for both of radio fre- 
quency used by the adjacent radio base station and 
radio frequency used by own radio base station; 



(5) a call signal contained in each channel slot 
being monitoring is extracted and transmitted by the 
radio signal of own radio frequency; and 

(6) If the call signal is to be received by a mobile 
station in own radio zone, the call signal is received 
by the mobile station by conventional manner, if the 
call signal is to be transferred to the next radio base 
station, the call signal is received by the next radio 
base station according to the present invention, and 
repeated the same operation until the call signal is 
received by the mobile station which is supposed to 
receive the call signal. 

These principles will be explained by referring to 
Fig. 4. 

In Fig. 4, signal transmission path is established 
between the PSTN and the mobile station 20-6 locating 
in the radio zone provided by the radio base station 30- 
6 via the exchange 10, the radio base station 30-3, the 
radio base station 30-4, the radio base station 30-5 and 
the radio base station 30-6. 

In each radio base station, channel slots are allo- 
cated not only for communication with mobile stations 
locating in each radio zone, but also for signal to be 
transferred between radio base stations. 

For example, allocation of channel slots of radio 
signal transmitted by the radio base station 30-3 is as 
follows: 

(1) channle slot S1 is a signal to be transferred to 
the radio base station 30-4 for the first call; 

(2) channle slot S2 is a signal to be transferred to 
the radio base station 30-4 for the third call; 

(3) channle slot S3 is a signal to be transferred to 
the radio base station 30-5 for the second call; 

(4) channle slot S4 is a signal to be transferred to 
the radio base station 30-4 for the second call; 

(5) channle slot S5 is a signal for communication 
with a mobile station locating in own radio zone; 

(6) channle slot S6 is a signal to be transferred to 
the radio base station 30-5 for the first call; 

(7) channle slot S7 is a signal for communication 
with a mobile station locating in own radio zone; 
and 

(8) channle slot S8 is a signal to be transferred to 
the radio base station 30-6 for the first call; 

Marks "M" and T~" are just added for explanation 
purpose, not added in the actual radio signal. Each 
radio base station, however, knows channel slots to be 
used for signal transfer to other radio base station and 
channel slots to be used by communication with mobile 
stations in own radio zone by the instruction of the 
exchange. 

For example, any channel slot indicated by a mark 
of "M" designates a channel slot used by the corre- 
sponding base station for communicating with mobile 
stations locating in own radio zone, and the channel slot 
indicated by a mark of "T-" designates a channel slot to 
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be used for signal transfer between radio base stations, 
and the first digit following the T represents a destina- 
tion radio base station, and the last digit designates a 
sequential number of each call. 

Therefore, when an attention is drawn on a channel s 
slot transmitted from the radio base station 30-3 to the 
radio base station 30-6 through the radio base stations 
30-4 and 30-5, the channel slots S1 , S2 and S4 are rep- 
resented as T41 , T43 and T42 and these channel slots 
include call signals to be transferred to the radio base 
station 30-4, and call signals in those channel slots are 
extracted at the radio base station 30-4 to use the com- 
munication with mobile stations locating in own radio 
zone (the communication is carried out by using chan- 
nel slot S1, S2 or S4 indicated by a mark of "M" in the 
radio base station 30-4). Like this manner, the channel 
slots S3 and S6 are used for call signal transfer to the 
radio base station 30-5, and the channel slot S8 is used 
for call signal transfer to the radio base station 30-6, and 
call signals in those channel slots are extracted only at 
the designated radio base station and relayed in other 
radio base stations. 

Now, operation of communication between the 
PSTN and the mobile station 20-6 according to the 
present invention will be described referring to Figs. 4 
and 6. 

When a call comes form the PSTN to the exchange 
10 (step 101), the exchange 10 pages the mobile sta- 
tion to which the call is to be received (step 102). This 
operation is carried out by transferring paging instruc- 
tion to all radio base stations through the control chan- 
nel (the information of the control channel is extracted 
by each radio base station and also relayed to the sub- 
sequent radio base station.) 

When the mobile station 20-6 responds to the pag- 
ing, the exchange 10 now discriminates the radio base 
station 30-6 as the target radio base station to which the 
call signal for the communication is to be transferred 
(step 103), and searches the database 10a in the 
exchange 10 to find radio base stations to be used for 
signal transmission path to the radio base station 30-6. 
As the result, radio base stations 30-3, 30-4 and 30-5 
are selected for radio base station for signal transmis- 
sion path to the radio base station 30-6. In the next, the 
exchange 10 selects a channel slot which is available in 
all radio base stations of 30-3 to 30-6 as a signal trans- 
fer channel slot for the radio base stations 30-3 to 30-5 
and a communication channel with the mobile station 
20-6 for the radio base station 30-6 (step 104). 

Then, the exchange 10 instructs the selected chan- 
nel slot number (.assuming the channel slot S8 has 
been selected,) to all selected radio base stations 30-3 
to 30-6 (step 105), and each radio base station having 
been instructed memorizes this channel slot information 
into the memory provided in each radio base station 
(step 108). 

In this case, as the communication is between the 
PSTN and the mobile station 20-6, the exchange 10 
establishes speech path from the PSTN to the nearest 



radio base station 30-3 (step 107), and then communi- 
cation between the PSTN and the mobile station 20-6 is 
started (step 109). 

A call signal from the PSTN is contained in the 
channel slot S8 of the radio signal transmitted by the 
radio base station 30-3. The radio base station 30-4 
receives the radio signal transmitted by the radio base 
station 30-3 by the receiver tuned to the radio frequency 
of the radio base station 30-3, and then transmits its 
own radio signal including the call signal from the PSTN 
in the channel slot S8, The radio base station 30-5 car- 
ries out the similar operation. And when the radio base 
station 30-6 has received the radio signal from the radio 
base station 30-5, the radio base station discriminates 
that the call signal contained in the channel slot S8 is to 
be used for communication with the mobile station 20-6 
currentry communicating in the channel slot S8 of the 
radio signal of the radio base station 30-6, and the call 
signal is extracted from the channel slot S8 in the radio 
signal from the radio base station 30-5. 

Next, operation of communication between mobile 
stations (e.g., between the mobile station 20-3 and 
mobile station 20-6 in Fig. 5) according to the present 
invention will be described. 

Fig. 5 shows a method for assuring the transission 
path between the radio base stations in case of commu- 
nication between the mobile stations 20-3 and 20-6. 

When the mobile stations 20-3 requests a call to the 
mobile station 20-6, the request information is trans- 
ferred to the exchnage 10 (not shown in Fig. 5) through 
the radio base station 20-3 using the control channel. 
The paging operation and discrimination of target radio 
base station which is the radio base station 30-6 are the 
same as those which have already been described. 
And, the exchange 10 searches the database 10a to 
find radio base stations to be used for signal transmis- 
sion path from the radio base station 30-3 to the radio 
base station 30-6. As the result, radio base stations 30- 
4 and 30-5 are selected for radio base station for signal 
transmission path to the radio base station 30-6. In the 
next, the exchange 10 selects a channel slot which is 
available in all radio base stations of 30-3 to 30-6 as a 
signal transfer channel slot for the radio base stations 
30-3 to 30-5 and a communication channel with the 
mobile station 20-6 for the radio base station 30-6 (step 
104 in Fig. 6). 

Then, the exchange 10 instructs the selected chan- 
nel slot number (.assuming the channel slot S8 has 
been selected,) to all selected radio base stations 30-3 
to 30-6 (step 1 05 in Fig. 6), and each radio base station 
having been instructed memorizes this channel slot 
information into the memory provided in each radio 
base station (step 108 in Fig. 6). 

In this case, as the communication is between the 
mobile station 20-3 and the mobile station 20-6, the 
exchange 10 does not establish speech path, and then 
communication between the mobile station 20-3 and the 
mobile station 20-6 is started by using signal transmis- 
sion path between each radio base station (step 109). 
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However, since the radio base station 30-3 is communi- 
cating with the mobile station 20-3 by using the channel 
slot S8, the call signal from the mobile station 20-3 is 
transferred to the radio base station 30-4 by using the 
transmitter which is tuned to the frequency using at the 5 
radio base station 30*4, and the radio base station 30-4 
can also discriminates that information in the channel 
slot S8 is the call signal to be transferred because the 
channel slot S8 has been instructed as call signal trans- 
fer by the exchange 10. The radio base station 30-4, w 
then, transmits the radio signal of own frequency con- 
taining the call signal to the radio base station 30-6 in 
the channel slot Sa Other operations are the same as 
those which have already been described by referring to 
Fig. 4. , 5 

That is, a radio base station communicating with a 
mobile station locating in own radio zone uses the trans- 
mitter tuned to the frequency of the adjacent radio base 
station for transferring call signal from the mobile station 
in own radio zone (up-ward link signal), and other radio 20 
base stations which are only used for relaying call sig- 
nals uses their own frequency transmitter for transfer- 
ring call signals to be relayed. 

The above description has been given with taking 
the time division multiplex transmission system as an 25 
example, and the similar effects can be obtained in case 
of the frequency division multiplex transmission system 
and the spread spectrum multiplex transmission sys- 
tem. 

As mentioned above, since the present invention 30 
assures a necessary transmission path by effectively 
using only the radio channel used for communication 
with the mobile station as the mobile communication 
system, the facilities of the conventional system for 
transmission between the respective radio base sta- 35 
tions are no longer required, thereby enabling minimiza- 
tion of the facility cost and the operational cost required 
for system operation. 

Although the present invention has been fully 
described by way of the preferred embodiments thereof 40 
with reference to the accompanying drawings, various 
changes and modifications will be apparent to those 
having skill in this field. Therefore, unless these 
changes and modifications otherwise depart from the 
scope of the present invention, they should be con- 45 
strued as included therin. 

Claims 

1. A method of signal transmission in a mobile com- so 
munication system, including a plurality of mobile 
stations, a plurality of radio base stations each pro- 
viding a radio zone inherent thereto which commu- 
nicates with the plurality of mobile stations in 
accordance with a multiplexing transmission sys- 55 
tern and each having at least one receiver and one 
transmitter operable in a radio frequency used in an 
adjacent radio base station, and an exchange man- 
aging mobile communication calls and controlling 



the mobile communication system, the method 
comprising steps of: 
in the exchange; 

discriminating a target radio base station 
and a mobile station by which a call is to be 
received when accepting a call request from a pub- 
lic switched telephone network at the exchange; 

determining radio base stations to be used 
for signal transmission path between the exchange 
and the target radio base station, and selecting a 
channel slot of radio signal which is available in all 
determined radio base stations including the target 
radio base station; 

instructing information of selected channel 
slot of radio signal to all the radio base stations for 
storing the information in each radio base station; 

connecting speech path between the public 
switched telephone network and the nearest radio 
base station among the selected radio base sta- 
tions; and 

transferring a call signal which is contained 
in the selected channel slot; and 

in each radio base station; 

monitoring channel slots of radio signal 
transmitted by a radio frequency of adjacent radio 
base station in accordance with the channel slot 
information having been instructed by the exchange 
and stored; and 

extracting and repeating transmission of the 
call signals in the channel slots with own radio fre- 
quency in the same channel slots as its of received 
radio signal. 

2. A method of signal transmission in a mobile com- 
munication system, including a plurality of mobile 
stations, a plurality of radio base stations each pro- 
viding a radio zone inherent thereto which commu- 
nicates with the plurality of mobile stations in 
accordance with a multiplexing transmission sys- 
tem and each having at least one receiver and one 
transmitter operable in a radio frequency used in an 
adjacent radio base station, and an exchange man- 
aging mobile communication calls and controlling 
the mobile communication system, the method 
comprising steps of: 
in the exchange; 

discriminating a originating radio base sta- 
tion from which a call request being originated, and 
a target radio base station and a mobile station by 
which the call is to be received; 

determining radio base stations to be used 
for signal transmission path between the originating 
radio base station and the target radio base station, 
and selecting a channel slot of radio signal which is 
available in all determined radio base stations 
including the target radio base station; and 

instructing information of selected channel 
slot of radio signal to all the radio base stations for 
storing the information in each radio base station; 
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in the originating radio base station; 

transmitting a call signal transferred from the 
mobile station in own radio zone putting in the 
channel slot instructed by the exchange with a radio 
frequency used by the adjacent radio base station; 5 
and 

in each of other radio base stations; 

monitoring radio signal transmitted by a 
radio frequency of adjacent radio base station, and 
also monitoring radio signal transmitted by a radio 70 
frequency of own radio base station, in accordance 
with the channel slot information having been 
instructed by the exchange and stored; and 

extracting and repeating transmission of the 
call signals in the channel slots with own radio fre- 75 
quency in the same channel slots as its of received 
radio signal. 
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